The circadian clock is required for adaptive responses to daily and seasonal changes in environmental conditions [1] [2] [3] . Light and the circadian clock interact to consolidate the phase of hypocotyl cell elongation to peak at dawn under diurnal cycles in Arabidopsis thaliana [4] [5] [6] [7] . Here we identify a protein complex (called the evening complex)-composed of the proteins encoded by EARLY FLOWERING 3 (ELF3), ELF4 and the transcription-factor-encoding gene LUX ARRHYTHMO (LUX; also known as PHYTOCLOCK 1)-that directly regulates plant growth [8] [9] [10] [11] [12] . ELF3 is both necessary and sufficient to form a complex between ELF4 and LUX, and the complex is diurnally regulated, peaking at dusk. ELF3, ELF4 and LUX are required for the proper expression of the growth-promoting transcription factors encoded by PHYTOCHROME INTERACTING FACTOR 4 (PIF4) and PIF5 (also known as PHYTOCHROME INTERACTING FACTOR 3-LIKE 6) under diurnal conditions 4, 6, 13 . LUX targets the complex to the promoters of PIF4 and PIF5 in vivo. Mutations in PIF4 and/or PIF5 are epistatic to the loss of the ELF4-ELF3-LUX complex, suggesting that regulation of PIF4 and PIF5 is a crucial function of the complex. Therefore, the evening complex underlies the molecular basis for circadian gating of hypocotyl growth in the early evening.
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The circadian clock is an endogenous molecular oscillator with a period of ,24 h that is almost ubiquitous 1 . In plants, multiple interlocking transcriptional feedback loops contribute to the robust architecture of this oscillator network 3 . The clock functions to enable anticipation of diurnal, rhythmic environmental changes, allowing optimal phasing of molecular, physiological and behavioural responses to specific times of day 2 . Plant growth is a physiological response that is controlled by both the clock and the changes in light conditions; under diurnal growth conditions, maximal plant growth occurs at the end of night [4] [5] [6] [7] . ELF3 and ELF4 were first identified in genetic screens for photoperiodism mutants and were found to regulate circadian rhythms [8] [9] [10] 14 . ELF3 and ELF4 encode plant-specific nuclear proteins with no known functional domains 9, 10, 15, 16 . LUX is a single-MYBdomain-containing, SHAQYF-type GARP transcription factor that was identified in a genetic screen for long hypocotyl mutants and aberrant circadian-regulated gene expression 11, 12 . The mutants elf3, elf4 and lux share multiple phenotypes, including an arrhythmic circadian oscillator, abnormal hypocotyl growth in diurnal cycles, and early flowering 4, [8] [9] [10] [11] [12] 14, 15, 17 . ELF3, ELF4 and LUX showed similar expression profiles in microarray experiments (Supplementary Fig. 1 ; DIURNAL database, http://diurnal.cgrb.oregonstate.edu refs 18, 19) , and these expression profiles were confirmed by quantitative PCR with reverse transcription (RT-PCR) analysis under both diurnal and circadian conditions (Fig. 1a) .
The similarities in expression patterns and phenotypes prompted us to test whether these proteins could interact. Using a yeast two-hybrid assay, we found that ELF4 interacted with ELF3 (Fig. 1b) . In addition, when LUX fragments were used as baits (full-length LUX showed auto-activation, data not shown), ELF3 showed an interaction with LUX-C (amino acids 144-324), which contains the DNA-binding domain of LUX 11, 12, 20 , but not with LUX-N (amino acids 1-143) (Fig. 1c) . ELF4 did not interact with LUX or either LUX fragment (Fig. 1b, c) . As ELF3 could interact independently with either ELF4 or LUX, we proposed that ELF3 might form a complex between these two proteins. To test this, ELF3 was used in a yeast three-hybrid system in combination with the fusion proteins ELF4-GAL4-DNA binding domain (GAL4-DBD) and/or LUX-GAL4-activation domain (GAL4-AD). Activation of the reporter was observed only when all three proteins were present, suggesting that ELF3 was sufficient to bridge an interaction between ELF4 and LUX (Fig. 1d ).
Next, we tested whether ELF4, ELF3 and LUX interact in vivo. Antibodies were developed against ELF3 and LUX, and an ELF4::ELF4-HA construct was introduced into the elf4-2 mutant 21 . The encoded haemagglutinin (HA)-tagged ELF4 protein is probably functional, because we identified transformants that rescued the hypocotyl length ( Supplementary Fig. 2a ) and circadian CHLOROPHYLL A/B-BINDING PROTEIN::LUCIFERASE (CAB2::LUC) rhythmicity, albeit with a shorter period than that of the wild type ( Supplementary Fig.  2b-d) . We then asked whether ELF4-HA could co-immunoprecipitate endogenous ELF3 and/or LUX at Zeitgeber time 12 (ZT12) (Fig. 2a) . We found that ELF4-HA could co-immunoprecipitate both ELF3 and LUX ( Fig. 2a and Supplementary Fig. 2f ). The experiments in yeast suggested that ELF3 bridges an interaction between ELF4 and LUX and that ELF3 would be necessary for the co-immunoprecipitation of LUX by ELF4-HA. To test this, we introduced elf3-1 into the ELF4::ELF4-HA elf4-2 transgenic line and immunoprecipitated ELF4-HA. Although similar amounts of ELF4 and LUX were present in the extracts, LUX did not co-immunoprecipitate with ELF4-HA (Fig. 2a) . These results show that ELF3 is necessary for in vivo formation of the tripartite complex that includes ELF4 and LUX. Furthermore, hypocotyl length in elf3-1 elf4-3 and elf3-1 lux-4 double mutants grown under a 12 h light and 12 h dark (12L:12D) cycle did not show additive effects over elf3 (Supplementary Fig. 3 ). These results are consistent with the hypothesis that ELF3, ELF4 and LUX function together as a complex to regulate common pathways.
Because ELF4, ELF3 and LUX messenger RNA levels oscillate and peak with a similar phase, we analysed the dynamics of the protein levels under diurnal cycles. Tissue from the ELF4::ELF4-HA transgenic line was harvested every 4 h, starting at ZT12, under 12L:12D cycles, and then after transfer to constant light at ZT0 the following day. ELF3, LUX and ELF4-HA protein levels peaked at ZT12, declined during the night, reached a trough between ZT0 and ZT4 and then increased again ( Fig. 2b and Supplementary Fig. 4 ). The levels of all three proteins remained elevated into the subjective dark period relative to their respective time points in the dark, and the protein peak was shifted from ZT12 to the middle of the subjective night (Fig. 2b) . Comparable results were observed for ELF3 and LUX levels in wild-type seedlings ( Supplementary Fig. 5 ). To assay time-dependent formation of the ELF4-ELF3-LUX complex (denoted the evening complex, EC), ELF4-HA was immunoprecipitated from the diurnal samples. The formation of the EC followed the same pattern as that of its composite parts, suggesting that these proteins would associate when present (Fig. 2b) .
Photoperiodic control of flowering and growth is compromised in elf3, elf4 and lux mutants 4, [8] [9] [10] [11] [12] 14, 15, 17, 22 . To determine how ELF4, ELF3 and LUX respond to altered photoperiods, we analysed the levels and formation of the EC in plants grown under short days (8L:16D) and long days (16L:8D). Peak levels of ELF4, ELF3 and LUX followed their respective mRNA profiles under different photoperiods (Fig. 2c, d and Supplementary Fig. 4 ), similar to the findings of previous reports 9, 10, 15, 22 . EC formation was also sensitive to photoperiod, peaking earlier in short days than in long days (Fig. 2c, d) .
To investigate the molecular role of the EC, we focused on the diurnal hypocotyl growth phenotype shared by all mutants 5, [8] [9] [10] [11] 20 . Previous work demonstrated that the basic helix-loop-helix transcription factors PIF4 and PIF5 are crucial for determining the hypocotyl elongation rate in seedlings, and that the genes encoding both factors act downstream of light-and clock-signalling pathways 4, 6, 7, 13, 23 . Expression of PIF4 and PIF5 was nearly antiphasic to that of the EC under different photocycles (Supplementary Fig. 6 ). This raised the possibility that the EC may be repressing the transcription of PIF4 and PIF5, which is consistent with recent reports that ELF3 and LUX act as HA IP: LETTER RESEARCH transcriptional repressors in the circadian clock 20, 24 . The levels of PIF4 and PIF5 mRNA are elevated in elf3-1, elf4-2 and lux-4 mutants compared with the wild type, particularly during the early evening (Fig. 3a) . Recent work demonstrated that the addition of an activation domain to LUX (LUX-VP64) induced a neomorphic hypocotyl elongation phenotype 20 , and we found that PIF4 and PIF5 expression levels were increased in this background ( Supplementary Fig. 7 ). These results, as well as the presence of full consensus LUX-binding sites (LBSs) 20 in the 59-untranslated region of both PIF4 and PIF5 (Fig. 3b) , suggested that LUX may participate directly in the modulation of PIF4 and PIF5 expression. Indeed, LUX was able to directly bind to the PIF4 and PIF5 promoters in yeast, and LUX binding to the PIF5 promoter (from 2481 to 113 base pairs) was lost when the consensus LBS was mutated (Fig. 3c) .
To determine whether components of the EC were bound to the PIF4 and PIF5 promoters in vivo, chromatin immunoprecipitation (ChIP) assays were performed in LUX::LUX-GFP transgenic lines and then the PIF4 and PIF5 promoter sequences were amplified. These experiments revealed in vivo binding to the LBS in the promoters of PIF4 and PIF5 but not to control sequences in the coding regions of these genes or in the POLYUBIQUITIN10 (UBQ10) promoter (Fig. 3d) . The formation of the EC (Fig. 2) suggested that all of its components might participate in the regulation of PIF4 and PIF5 expression; therefore, we performed similar ChIP experiments for ELF3 and ELF4-HA. We found that ELF3 and ELF4-HA showed specific enrichment at the PIF4 and PIF5 promoter sequences that were bound by LUX (Fig. 3e, f) . Additionally, ELF3 ChIP experiments performed at the trough of EC levels (ZT2) showed a lower specific enrichment than those performed at ZT14 (Supplementary Fig. 8 ).
The localization pattern of the EC components on the PIF4 and PIF5 promoters suggested that the transcription factor LUX might be responsible for recruitment. ELF3 ChIP experiments in lux-4 seedlings demonstrated that less ELF3 was recruited to the PIF4 and PIF5 promoters in these mutants but that recruitment was not completely abrogated ( Supplementary Fig. 9 ). Previous work identified a MYBdomain-containing transcription factor highly similar to LUX, named NOX (At5g59570) 11, 12, 20 . NOX binds sequences that are similar to those bound by LUX in yeast 20 and was also able to form a complex with ELF4 and ELF3 ( Supplementary Fig. 10a ). We designed an artificial microRNA (amiRNA) using a web-based amiRNA algorithm (http://wmd3.weigelworld.org/cgi-bin/webapp.cgi) and generated an amiRNA-transgenic line in which the levels of both NOX and LUX would simultaneously be reduced (denoted LUX/NOX ami) 25, 26 . LUX protein and NOX expression levels were reduced in this line (Supplementary Fig. 10b, c) , which showed similar defects in circadian rhythms to lux-4 mutants ( Supplementary Fig. 10e, f) ; however, we observed an increase in hypocotyl length and PIF4 and PIF5 expression level compared with lux-4 mutants ( Supplementary Fig. 10d, g ). When ELF3 ChIP assays were performed in the LUX/NOX ami line, we observed a loss of the ELF3 signal at the PIF4 and PIF5 promoters (Fig. 3g) . ELF3 was still present in extracts from these plants ( Supplementary Fig. 10c ), suggesting that the recruitment of ELF3 (and therefore the EC) is mediated by both LUX and NOX.
Previous reports showed that ectopic overexpression of the MYBdomain-containing transcription factors encoded by CIRCADIAN CLOCK ASSOCIATED 1 (CCA1; in the CCA1-OX line) or LATE ELONGATED HYPOCOTYL (LHY; in lhy-1 mutants) resulted in phenotypes similar to those of elf3, elf4 or lux [4] [5] [6] (Fig. 3a and Supplementary Fig. 11 ). As CCA1 and LHY form a complex that controls the expression of evening-element-containing genes 27 , such as ELF4 and LUX 11, 28 , the misexpression of PIF4 and PIF5 seen in CCA1-OX or lhy-1 lines could be a result of EC misregulation. Therefore, we analysed the expression of ELF4, ELF3 and LUX in the lhy-1 background using the DIURNAL database 18, 19 . We found that ELF4 was clamped low, whereas ELF3 and LUX were shifted 4 h and 12 h later, respectively ( Supplementary Fig. 11 ). These results are consistent with the 
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circadian clock having a crucial role in the proper expression and phasing of the EC proteins.
If improper regulation of PIF4 and PIF5 underlies the hypocotyl growth defects observed in the EC mutants, then loss of PIF4 and PIF5
should be epistatic to loss of the EC. To test this, we introduced pif4 and pif5 mutant alleles into the elf3-2 mutant background, because mutating ELF3 caused dissolution of the EC (Fig. 2a) . Loss of PIF4 or PIF5 additively mitigated the hypocotyl length defect in elf3-2 (Fig. 4a,  b) , indicating that the hypocotyl phenotypes of EC mutants are mainly caused by misexpression of PIF4 and PIF5. In addition, loss of PIF4 and/or PIF5 did not restore circadian rhythms in an elf3 background ( Supplementary Fig. 12 ), consistent with PIF4 and PIF5 being clock outputs that do not feed back into the oscillator 4 . In summary, we have identified a novel multiprotein complex that directly links the circadian clock to diurnal regulation of hypocotyl growth. The ELF4-ELF3-LUX complex is regulated by the clock and by light (Figs 1a and 2b-d) and represses the expression of PIF4 and PIF5 in the early evening (Fig. 4c) . This process is combined with lightregulated turnover of PIF4 and PIF5, allowing maximum hypocotyl growth at dawn under diurnal conditions 4, 13 (Fig. 4c) . ELF3 is necessary and sufficient to bring together ELF4 and LUX to form a complex (Figs 1d and 2a) , providing a mechanistic framework for understanding the shared phenotypes of EC component mutants in regulating circadian rhythms, growth and flowering. The role of ELF3 as an adaptor protein is similar to its previously described capacity to modulate GIGANTEA levels through association with CONSTITUTIVELY PHOTOMORPHOGENIC 1 to regulate flowering and circadian rhythms 22 . The EC is composed of multiple proteins that are known to regulate signalling from the environment 5, [9] [10] [11] [12] [14] [15] [16] [17] 20, 22, 24, 28 ; therefore, elucidating EC function will ultimately contribute to understanding how biochemical, physiological and developmental outputs are gated by the clock.
METHODS SUMMARY
All wild-type, mutant and transgenic lines were in the A. thaliana ecotype Columbia-0 (Col-0). All transgenic and mutant lines were brought to homozygosity before use. The procedures for A. thaliana husbandry, yeast one-hybrid, two-hybrid and three-hybrid analyses, bioluminescent imaging, immunoprecipitation assays, ChIP assays and hypocotyl measurements have been described previously 20, 29, 30 and were carried out with modifications detailed in the Methods. In all growth chambers, light was supplied at 80 mmol m 22 s 21 by cool-white fluorescent bulbs at 22 uC. For yeast two-hybrid analyses, SD-WL medium was used to select for the presence of both bait and prey vectors, and SD-WLHA medium was used to select for an interaction between the bait and the prey proteins. IPP2, APX3 and At1g11910 levels were used to normalize real-time PCR expression analyses, and all primers for quantitative PCR are listed in Supplementary Table 1. The ELF4::ELF4-HA construct includes a 580-bp promoter sequence cloned from Col-0 DNA that was amplified using primers listed in Supplementary Table 1 . The sequence TATGATATCCTTGCGTACCCA is the target of the LUX/NOX ami. Antibodies were generated in rabbits (Sigma Genosys) against either an ELF3-specific peptide (CSIQEERKRYDSSKP) or a full-length LUX protein fused to glutathione S-transferase (GST). Antibodies were affinity purified against the same ELF3-specific peptide using a SulfoLink Immobilization Kit (Thermo Scientific) or a GST-LUX affinity column. All immunoprecipitations were performed with Protein G Dynabeads (Invitrogen). For western blotting, ACTIN served as a loading control. Blots for ELF4 represent 20% of the total immunoprecipitation sample, because ELF4 needed to be separated on a different, 15%, gel, owing to its low molecular weight. Hypocotyl measurements were performed on evenly spaced seedlings grown under a 12L:12D cycle and measured on day 10. 
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METHODS
Yeast one-hybrid analysis. All reporter strains were generated by homologous recombination of pGLacZi constructs (Clontech) in the yeast strain YM4271, according to the manufacturer's instructions. pGLacZi is a Gateway-compatible version of pLacZi (Clontech) 20 . Promoter fragments were amplified using primers listed in Supplementary Table 1 and were cloned into pENTR/D-TOPO (Invitrogen) and then transferred to pGLacZi, according to the manufacturer's instructions. To generate translational fusions to GAL4-AD, the coding sequence of LUX was cloned into pENTR/D-TOPO and subsequently recombined into pACTGW as previously described 20 . Transformations of AD constructs into the reporter strains and determinations of the b-galactosidase (b-gal) activity were performed in a 96-well format as previously described 20 . b-Gal activities were normalized to the control with an empty pACTGW vector. Yeast two-hybrid analysis. cDNAs encoding full-length LUX (described above), ELF3, ELF4, LUX-N (amino acids 1-143) and LUX-C (amino acids 144-324) were cloned into the pENTR/D-TOPO vector (Invitrogen) (Supplementary Table 1 ). After the sequences had been verified, they were transferred into the pACTGW vector by Gateway LR recombination reaction (Invitrogen) to generate the bait plasmids 20 . ELF4 and ELF3 cDNAs were transferred into pASGW by a Gateway LR recombination reaction (Invitrogen) to generate the prey plasmids. The detailed yeast two-hybrid procedure was as previously described 29 .
Yeast three-hybrid analysis. Yeast three-hybrid analysis was performed as described previously 30 , with the following modifications: ELF3 with an aminoterminal FLAG-epitope tag was cloned from cDNA into a pENTR/D-TOPO vector using the primers 59-CGCGGCCGCAAATGGACTACAAAGACCATG ACGGTGATTATAAAGATCATGACATCGACTACAAGGATGACGATGAC AAAATGAAGAGAGGGAAAGATGAGGAG-39 and 59-TTGGTTCTGCCAT GAGACTG-39, and then inserted into the original pENTR/dTOPO-ELF3 clone using the restriction enzymes NotI and EcoRI (New England BioLabs) and confirmed by sequencing. ELF4 was then cloned into the pBridge vector by amplifying with the primers 59-GGGGGAATTCATGAAGAGGAACGGCGAGAC-39 and 59-TTTTCTGCAGTTAAGCTCTAGTTCCGGCAGC-39, and inserting into EcoRI and PstI (New England BioLabs) restriction sites. FLAG-ELF3 was then cloned into either the pBridge vector or pBridge-ELF4 using the restriction sites of NotI and EcoRV (New England BioLabs), after first digesting either the pBridge or pBridge-ELF4 vector with BglI, blunting with Klenow and then digesting with NotI (New England BioLabs). pBridge-ELF3 or pBridge-ELF4-ELF3 was introduced into yeast strain YM4271 and then mated to strains containing the vector pACTGW, pACTGW-LUX or pACTGW-NOX 20 in the yeast strain AH109, according to the manufacturer's protocol (Clontech). Yeast were grown under selection and analysed for b-gal activity, as described by the manufacturer's instructions (Clontech) with the modifications for 96-well analysis 20 . Plant materials and growth conditions. All wild-type, mutant and transgenic lines were in A. thaliana ecotype Columbia-0. CAB2::LUC-reporter-containing lines have been described previously 31 . Seeds were chlorine-gas sterilized and plated onto 13 Murashige and Skoog (MS) basal salt medium with 1.5% agar and 3% (w/v) sucrose. After stratification in the dark at 4 uC for 3 days, plates were transferred to an incubator (Percival Scientific) that was set to the indicated light conditions and a constant temperature of 22 uC. Light entrainment was in 12L:12D cycles or in short-day and long-day photoperiods (8L:16D and 16L:8D, respectively), with light supplied at 80 mmol m 22 s 21 by cool-white fluorescent bulbs. To analyse seedling morphology, evenly spaced seedlings were grown under 12L:12D conditions at 22 uC and measured on day 10. Photographs of seedlings were analysed using NIH ImageJ software (http://rsbweb.nih.gov/ij/). Construction of double and triple mutants. ELF4::ELF4-HA elf3-1 elf4-2 CAB2::LUC double mutants were generated by genetic crosses between elf3-1 (ref. 14) and elf4-2 ELF4::ELF4-HA #1 (Basta resistance) CAB2::LUC, and F 2 populations were screened for long hypocotyls, Basta resistance, luminescence and an arrhythmic bioluminescence phenotype in constant light. elf4-2 (arr44) 21 mutations were identified by dCAPS PCR method 32 using the primers 59-ATGGGTTTGCTCCCACGGATTA-39 and 59-CAGGTTCCGGGAACCAA ATTCT-39, and the restriction enzyme HpyCH4V (New England BioLabs) to analyse for the presence of the mutation. The elf3-1 mutation was confirmed by 100% long hypocotyl, as well as by analysis using dCAPS primers 59-TT TGCAGAGGATAAGCTGCGCT-39, 59-TGTTGGCTGTTGCTGTTGCTGT-39 and the restriction enzyme HincII, and by loss of the ELF3 signal in western blotting. lux-4 elf3-1 CAB2::LUC double mutants were generated by crossing elf3-1 to lux-4 CAB2::LUC, and F 2 populations were screened for long hypocotyls, luminescence and an arrhythmic bioluminescence phenotype in constant light. Loss of LUX and ELF3 was confirmed by assessing hypocotyl length, performing dCAPS PCR for elf3-1 and lux-4 (using the primers 59-ATGGAGATGA CGGTGGCGGT-39 and 59-AACGAATCTCTTGTGTAGCTGCGGAGT-39 and the restriction enzyme HinfI (New England BioLabs)), and carrying out western blot analysis. elf4-3 elf3-1 CAB2::LUC double mutants were generated by crossing elf4-3 CAB2::LUC, which was generated by EMS mutagenesis as previously described 11 , with elf3-1, and these mutants were screened as above. The mutant elf4-3 contains a single point mutation in the coding sequence of ELF4 that results in a truncated protein (W26*), which was identified by sequencing. The dCAPS primers 59-GAGCAGGGAGAGGATCCAGCGATGTG-39 and 59-CCGACGAGAAACTAGTATTGA-39 and the restriction enzyme BstXI (New England BioLabs) were used to screen for the mutation. The presence of the elf3-1 mutation was confirmed by dCAPS and western blotting. The elf3-2 lines 14 were crossed to TOC1::LUC lines as described previously 33 , and we analysed F 2 populations for long hypocotyls and bioluminescence. The elf3-2 mutation was mapped using the TAIL PCR method, which identified an inversion 34 . A PCR strategy over the inversion was used to distinguish wild-type lines from mutant lines using the following primers: 59-TGAGTATTTGTTTCTTCTCGAGC-39 and 59-CATATGGAGGGAAGTAGCCATTAC-39 for wild type and 59-TGG TTATTTATTCTCCGCTCTTTC-39 and 59-TTGTTCCATTAGCTGTTCAACC TA-39 for elf3-2. The combination mutants elf3-2 pif4-101 pif5-1 TOC1::LUC, elf3-2 pif5-1 TOC1::LUC, elf3-2 pif4-101 TOC1::LUC, pif4-101 pif5-1 TOC1::LUC, pif5-1 TOC1::LUC, and pif4-10 TOC1::LUC were generated from crosses between elf3-2 TOC1::LUC and pif4-101 pif5-1 double mutants. F 2 plants were screened for bioluminescence and then analysed for mutant backgrounds by PCR as previously described 13 . Homozygous F 3 populations were identified by screening for mutations and transgenes. The generation and characterization of LUX::LUX-GFP lux-4 CAB2::LUC has been described previously 20 . GFP and LUX/NOX ami line generation. The coding sequence of GFP was amplified by PCR from the pK7FWG2 vector 35 using the following primers 59-CACCATGTGGTCTCATCCTCAATTTGAAAAAGGCGGCGGTTGGTCTC ATCCTCAATTTGAAAAAGGTGGTATGGTGAGCAAGGGCGAGGAGCTG-39 and 59-TCAAGCGTAATCTGGAACATCGTATGGGTACACATCCTTGTAC AGCTCGTCCATGCC-39, which introduce a StrepII epitope (SII) tag to the N terminus and an HA tag to the carboxy terminus. This fragment was then cloned into Gateway pENTR/D-TOPO. After sequencing, this construct was recombined with the pB7WG2 vector 35 to constitutively express SII-GFP-HA under the control of the 35S promoter. This construct was introduced into CCA1::LUC lines 36 by Agrobacterium-mediated transformation 37 . Transformants were selected based on Basta resistance and fluorescence and were screened for single insertion. Lines were brought to homozygosity before use.
The amiRNA (TATGATATCCTTGCGTACCCA) targeting LUX and NOX was constructed as described previously 25 . Primers designed using WMD3 Web microRNA Designer (http://wmd3.weigelworld.org/cgi-bin/webapp.cgi) were used to amplify the amiRNA precursor by overlapping PCR from the pRS300 template. The fragment containing the amiRNA foldback was cloned into pENTR/ D-TOPO, sequenced and subsequently recombined using Gateway LR Clonase II (Invitrogen) into the pB2GW7 vector 35 for constitutive expression under control of the 35S promoter. This construct was transformed into a CAB2::LUC reporter background 31 using Agrobacterium infiltration 37 . Transformants were selected on Basta, and all experiments were performed in single-insertion, homozygous plants. Luciferase imaging. After 6 days of entrainment, plants were sprayed with 5 mM luciferin (Biosynth) prepared in 0.01% (v/v) Triton X-100 (Sigma-Aldrich) and transferred to constant light (80 mmol m 22 s
21
) 1 day before imaging. The emitted luminescence was recorded every 2.5 h over 5 days, using a digital CCD camera (Hamamatsu Photonics). The images were processed using MetaMorph imaging software (Molecular Devices), and the data were analysed by fast Fourier transform-nonlinear least squares (FFT-NLLS) 38 using the interface provided by the Biological Rhythms Analysis Software System version 3.0 (BRASS) (http://www. amillar.org). Generation of anti-ELF3 antibody. Antibodies were generated in rabbits (Sigma Genosys) against an ELF3-specific peptide, containing an additional N-terminal cysteine for conjugation (CSIQEERKRYDSSKP), corresponding to amino acids 681-694 of ELF3. Antibodies were affinity purified against this peptide using a SulfoLink Immobilization Kit (Thermo Scientific). Eluted antibody-containing fractions were buffer exchanged into 50 mM Tris-HCl, pH 8.0, 150 mM NaCl, 50% glycerol and 0.02% NaN 3 by using an equilibrated PD-10 column (GE Healthcare) and then stored at 280 uC. Generation of anti-LUX antibody. Full-length LUX protein was expressed as a glutathione S-transferase (GST) fusion, which was purified and used to immunize rabbits to obtain polyclonal antisera (Open Biosystems). Antibodies were purified using an affinity column made of purified GST-LUX bound to Affi-Gel 15 Activated Immunoaffinity Support (Bio-Rad) 39 . Antibodies were eluted from the affinity column with 100 mM glycine, pH 2.5, exchanged into storage buffer (13 PBS, 50% glycerol and 0.02% NaN 3 ) using a PD-10 buffer exchange column and then stored at 280 uC.
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